Background: The objective of our study was to examine whether outpatient
| INTRODUCTION
Bronchopulmonary dysplasia (BPD) is an important cause of respiratory illness in infants and children born prematurely that results in significant morbidity and mortality.
1 BPD leads to longer initial hospitalization stays, independent of prematurity. In a population-based observational study, the mean initial length of stay for preterm infants with BPD was 84.1 days, compared to 58.1 days for preterm infants without BPD. 2 Another study reported that after initial hospital discharge, almost 50% of infants with BPD were re-hospitalized within the first year of life, compared to 23% of infants without BPD. 3 Other complications and comorbidities associated with BPD include increased risk for respiratory tract infections, neurodevelopmental impairment, poor growth, and death. 4, 5 BPD is also associated with an estimated annual economic burden of $1.7 billion in the USA. 6 Despite the significant health and economic burdens associated with BPD, our understanding of the factors affecting outcomes in BPD remains incomplete. Our knowledge of the pathophysiology and evolution of BPD is further complicated by changes in the characteristics of the disease process, as much smaller and more extremely premature babies are surviving with the help of ongoing advances in medical care. Many factors contribute to the progression of BPD, including ongoing need for positive pressure ventilation, exposure to high FIO 2 , and infection.
It is important to identify modifiable factors that may reduce these complications in the BPD population.
Adequate nutrition has been shown to play a major role in modulating lung development and maturation. [8] [9] [10] In vivo studies in mice have demonstrated that caloric restriction reduces the number of alveoli as well as the alveolar surface area. 11 As the majority of alveolar growth occurs during the first 2 years of life, 12 it is important to optimize nutrition during this crucial postnatal period. However, optimization of nutrition is particularly challenging in preterm infants with BPD, due to their increased caloric needs secondary to tachypnea and healing of lung injury. 
| Analytic methods
Retrospective chart review was conducted to collect demographic and clinical data. Breast milk intake was assessed by questionnaire through interview. Only one questionnaire was completed if the patient had discontinued breast milk at the time of the initial visit.
Otherwise, questionnaires were completed at subsequent clinic visits until the child was weaned off breast milk. The total duration of breast milk intake was also assessed; 23 subjects were still receiving breast milk at the time of analyses. Acute respiratory outcomes (eg, emergency department visits and hospitalizations for respiratory symptoms, steroid courses, antibiotic courses for respiratory illnesses over the preceding 2 months) and chronic respiratory symptoms (eg, cough, congestion, wheezing, coughing with feeds, nighttime cough, use of short-acting beta-agonists at home, tolerance of physical activity over the past week) were collected on the first questionnaire only for all subjects. Our study also examined the role of confounders (eg, gender, attendance in daycare, primary caregiver's working status, gestational age and weight at delivery, socioeconomic status, presence of gastrostomy tube ± Nissen fundoplication, need for supplemental oxygen) and their potential impact on respiratory outcomes. Demographic and clinical factors were assessed for confounding using Cox univariate regression, specifically testing for any association between a specific demographic or clinical factor (independent variable) and the total duration of breast milk received (dependent variable). To test whether breast milk duration was associated with respiratory outcomes multivariate logistic regression was employed with the respiratory outcome of interest (dependent variable) and duration of breast milk at the time of questionnaire completion (independent variable) with adjustment for confounders. All potential confounders for the multivariate model identified through univariate Cox regression as above were adjusted for; in addition, all multivariate regression models were adjusted for the age at the time of form completion. The adjusted odds ratios and P values represent the increased (or decreased) odds of a specific respiratory outcome for every additional month of breast milk.
STATA IC 14.0 was used for statistical analysis. P values <0.05
were considered significant. Of the 188 subjects, 55.9% were male and 62.8% were selfidentified as non-white. The mean gestational age was 27.4 weeks.
At the time of their initial BPD clinic visit 41.5% of subjects were on home supplemental oxygen, and 28.7% of subjects had a gastrostomy tube. The median estimated household income of the study population was $66 200, and 46.8% of subjects had public insurance.
In Table 1 , we divided the population into two groups based on duration of breast milk intake. We found that 127 (67.6%) received breast milk for less than 6 months, while 61 (32.4%) received breast milk for 6 months or longer (See Figure 1 for Kaplan-Meier plot of breast milk intake duration). By Cox regression, patients who received breast milk for fewer months were more likely to be nonwhite (P < 0.001), have a lower median household income (P = 0.001), have public insurance (P < 0.001), and have a smoker living in the home (P = 0.005). There was no difference in breast milk duration between subjects with a mother who worked outside the home and subjects with a mother who did not work outside the 
| Acute respiratory outcomes
Acute respiratory outcomes over 2 months preceding the questionnaire were assessed in all subjects ( Table 2) . Of all 188 subjects, 14.9% reported having at least one visit to the emergency department, 9.0% were hospitalized, 25.5% had an outpatient sick visit, 17.6% completed at least one course of systemic steroids, and 14.4% had at least one course of antibiotics. After adjusting for socio-economic factors using logistic regression, children who had a longer receipt of breast milk were less likely to have had a visit to the emergency department (P = 0.045) and less likely to have been prescribed a systemic steroid course (P = 0.046). They also tended to have a lower risk of re-hospitalizations (P = 0.054). Breast milk duration was not associated with a risk of an outpatient sick visit or antibiotic use. 
| Chronic respiratory outcomes
Chronic respiratory outcomes over 1 week prior to questionnaire administration were assessed in all subjects ( Table 2) . Of all 188 subjects, 36.7% had cough or chest congestion, 13.3% had wheezing, 18.1% had cough with feeds, 43.6% had vomiting or reflux symptoms, 12.8% had nighttime cough, 29.3% used a short-acting bronchodilator, and 11.7% had shortness of breath with exertion. After adjusting for socio-economic factors using logistic regression, children who had a longer receipt of breast milk were less likely to have cough or chest congestion (P = 0.045). There was no association between any of the other chronic respiratory outcome parameters and breast milk duration.
| DISCUSSION
In this study, we found that 92.0% of children with BPD seen in an outpatient clinic received some breast milk after birth. This figure is higher compared to that reported in a Centers for Disease Control and Prevention (CDC) study, 36 which found that 81.1% of infants born in the United States received some breast milk, and likely reflects the use of donor milk in our population. In our study, 32.4% of infants were still receiving breast milk at 6 months of age, which is lower than the US average of 51.8%. 36 Longer duration of breast milk intake was associated with fewer emergency department visits, fewer systemic steroid courses, and fewer episodes of cough or chest congestion, and trended toward fewer hospitalizations.
FIGURE 1
Kaplan-Meier Plot depicting duration of receiving breast milk for 188 preterm infants. Subjects who never received any breast milk were assigned an arbitrary duration of 0.01 months for graphing purposes only The adjusted odd ratios and P values represent the increased (or decreased) odds of a specific outcome (dependent variable) for every additional month of breast milk (independent variable) derived using multivariable logistic regression; regressions were adjusted for age at the time of outcome reporting, race/ ethnicity, median household income, insurance status, and a smoker living in the home.
Demographic analysis of our BPD population showed that BPD infants who received breast milk for fewer months were from a socioeconomically disadvantaged group and were more likely to have a smoker living in the home, which may further increase their vulnerability to poor outcomes. These results are consistent with previous research which have shown racial and socioeconomic disparities in breastfeeding practices. [37] [38] [39] There was no association between duration of breast milk intake and daycare attendance or having a mother who did not work outside the home.
Children who received breast milk for a longer duration were less likely to have had a visit to the emergency department with a trend towards having fewer hospitalizations. This may have implications for the cost effectiveness associated with breast milk intake in decreasing hospitalization costs after discharge from the NICU. One study conducted in very low birth weight infants in the NICU found a dosedependent relationship between the amount of breast milk feedings and the reduction in odds of BPD and subsequent reduction in cost of newborn intensive care. 40 Further studies are needed to determine whether breast milk intake is associated with decreased healthcare costs in infants with BPD after they are discharged from the hospital.
The factors underlying a protective effect against respiratory morbidities in preterm infants with BPD receiving breast milk are unclear; some potential mechanisms may include differences in lung growth/development and/or immune function, given many of the respiratory morbidities we studied can be attributed to respiratory viral infections. It is well established that breast milk contains a variety of immune factors, including humoral factors, 41 but also factors that affect T-cell memory. 42 Alternatively, breast milk does contain an array of microbiota that may foster development of the infant's immune system, which may be influenced by levels of oligosaccharides in the milk determined by maternal genetic and environmental factors. 43, 44 Breast milk also contains a variety of other factors that may influence lung growth and development, including macro-and micro-nutrients, hormones, and growth factors, and of note, human milk can vary greatly in the composition of these factors. 45 There are several limitations associated with this study. First, the duration of breast milk intake does not reflect the percent of breast milk intake. It is also uncertain as to whether or not the benefits obtained from consuming donor breast milk is similar to that of mother's own milk, and we did not assess whether donor milk was received outside the NICU setting. The role of donor milk and its effect on the growth and development of preterm infants are unclear.
Previous studies have found that preterm infants fed donor milk either had the same neurodevelopmental outcomes as preterm infants fed formula, 46 or had worse neurodevelopmental outcomes and poorer weight gain compared to preterm infants fed formula or mother's own milk. 47 In our population the number of subjects solely on donor milk was too small to conduct a meaningful analysis. Other limitations include potential varying definitions of BPD across NICU sites, potential recall bias and retrospective assessment of outcomes. Our study is not large enough to determine the effects of breast milk in specific sub-populations; retrospectively, the study is powered (70%)
to detect a 15% difference in outcomes between 127 subjects receiving breast milk for at least 6 months versus 61 subjects who did not without accounting for confounders (α = 0.05).
In conclusion, our study involving infants with bronchopulmonary dysplasia showed that a longer duration of breast milk intake was associated with fewer emergency department visits, fewer systemic steroid courses, and fewer episodes of cough or chest congestion. We would advocate for additional studies to examine the long term respiratory consequences of breast milk over time (eg, development of asthma, resolution of pulmonary hypertension, weaning off of oxygen, etc.) with respect to the percentage of breast milk received and the use of donor milk in infants with BPD. In the meantime, our findings suggest that NICUs and primary care physicians should continue to promote breast milk consumption in preterm infants with BPD.
